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CHAPTER l. INTRODUCTION 
Pr oblem Si tuation 
The ag r icul tural sector is a major cont ributor to the Gross Domestic 
Product . It forms a major source of domestic foo d supply, supply of raw 
mat e rials to agr o - industries, and a source of e mployment opportunities 
for the rural population . 
The current performance of the agricultura l sector lS st rikingly 
low. Between 1978- 82, agricultural gr owth r egistered a disappointing 1 . 9 
percent (World Development Repo r t , 1984) against a popula tion growth rate 
of 3 . 1 pe r cent . The 1980 population census r epor t estimates that the 
population i s likely t o double in the next two decade s (GRZ:NCDP, 198la) . 
Against this backgr ound, it is necessa r y that gove rnment not only adopt 
pol i c i es designed to sl ow population growth but s imultaneously increase 
the level of agricu l tural output to meet domestic food demand and ach i eve 
signif i cant economic g r owt h . Although value added in ag riculture r ose 
f r om US $278 in 1978 to US $325 in 1982 (millions of 1975 dollars), the 
shortfall ln food production has l ed to a signi ficant inc r ease in food 
imports. Ce r eal imports r ose from 93 ,000 tons in 1974 t o 225,000 tons ln 
1982 (Wood, 1984) . Food aid in cereals also rose from 1, 000 tons dur i ng 
the 1974-75 season t o 100,000 tons during the 198 1-82 season. Simi larly , 
food prices have risen significant l y in the r ecent past . Agro- industries 
continue to oper ate at less than fu ll capacity (Wo r ld Bank , 1985) . 
Various reasons have been advanced for the agricultural sector's poor 
pe r formance . Probably the most often mentioned has been low producer 
prices. 
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The national seminar on agricultural planning in Zambia points out 
that returns to management are too low (GRZ:MAWD and NCDP, 1984). This 
group also highlights the need to investigate the impact of uniform 
pricing on the national objective of food self-sufficiency, as well as 
the sensitivity of the pricing process to consumer interests. Results 
from a study on producer prices using the "cost of production approach" 
based on the assumption that the relative profitability of agricultural 
products determines farm-household crop choices showed that, based on 
1978 producer prices, farmer s would respond by producing a mix of crops 
in the following ranking: Virginia t obacco, seed cotton, groundnuts, 
sunflowers, and maize. The par it y between agricultural products and 
nonagricultural products favored the latter. Although these results are 
not wholly satisfactory due t o methodologic al pitfa lls, the above 
expos it ion reveals that not only are the terms of trade biased against 
agriculture but that crop ranking favors commercial-industrial crops 
against food crops . Ther e fore, there is need to balance agro-indus try 
and export needs with domestic food produc tion and food security. Food 
secur ity objectives (i . e . , the ability t o meet minimum domestic food 
requirements with certainty) require a significant reduction in 
dependence on food imports even with adequate foreign exchange earnings 
owing to inherent supply and price fluctuations in the international food 
markets and imperfect market information flows. 
An insufficient r esource base has been sighted as a factor responsi-
ble for the agricultural sector ' s poor performance . An assessment of 
resource adequacy r equires an evaluation of the overall agricultural 
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sector financing r e quirements . Evidence s ugges ts that dependence on 
government and foreign funding tn the agricultural sec t or has grown Ln 
recent years with an absolute increase Lo the sector's share of the 
na t ional budge tary outlay. Foreign assistance t o Zambia , f or instance , 
rose from US $20 million in 1970 to US $389 million 10 1982 , an annual 
growth rate o f 33 . 1 percent (Wood, 1984) . Technical assistance to the 
ag ricultural sec t o r also rose from 14 pe r cent of the total aid r ece ived 
by Zambia in 1975 to 33 percent in 1977. Furthe rmore , capital aid r ose 
from less than t en percent in 1977 to 25 percent 1n 1982 . Against th i s 
background, it ts necessa r y to evaluat e the nation ' s and farmers' 
self-f inancing capacity. A government study es t imated that there has 
been a s ubstantial amount of inte rna l financing g iving a national 
l inte rna l financ i ng r a tio of 43 percent. Furthermore, based on a sample 
of 86 households in the Easte rn pr ovince , a 77 pe r cent inte rnal fina nc ing 
ratio was est ima t ed (GRZ:MAWD , 1Q83a). Although these results are not 
definitive due to data inadequacies, they highlight the need to analyze 
financing requirements of the sector relative to the technology available 
and the l evel of farm oper ations . 
Small ness of fa rms and low levels of technology are o ther factors 
responsible for the agricultural sec t or ' s poor performance . From a 
national perspective, the interest in fa rm size is embedded in the need 
to ensure optimLllll effic i ency in the use of resources for food product i on 
and other competing ac t ivities . Fr om the point of v i ew of farming 
11 l f" . . nte rna tnancLng ratio refers to the ratio of equity cap it al to 
t otal fa rm operat ing expe nses . 
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households, optimum efficiency is required 1n order to achieve increased 
food self-sufficiency, increased levels of income, and higher levels of 
nutrition (Ball and Heady, 1972) . It should be pointed out, however, 
that farm size is a static concept whereas growth emphasizes the question 
of increment in size over time. 
The low levels of technology have led to low levels of productivity 
and low income earnings. Subsistence agriculture is a special stage of 
equilibrium, departure from which requires the application of "new" 
inputs, means of production, and knowledge about the production of new 
outputs (Ruthenberg, 1976; Schultz, 1964). Components of technical 
change include new materials, " new implements" and power source, and new 
cultural practices. These technological changes have been categorized 
into those that increase the level of output per unit of land, i . e., the 
intensive margin, and those that lead to expanded acreage cultivation , 
i . e., the extensive margin. Both lead to increased levels of output and 
incomes. 
The need to increase food supply and ac hieve food self-sufficiency, 
food security, and increased levels of agricultural production have 
formed a central theme in the past and current development plans. It lS 
clear that in persuancy of these goals, government plays a very 
significant role by directly and/or indirectly affecting agricultural 
sector performance through various instruments and mec hanisms. The 
government defines the direction and pace of development of the farming 
households and the sector through its pricing policies, budgetary 
allocations, credit policies, pattern of international alliances, 
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monetary and fiscal policies, etc. Farming households respond to those 
policy objectives by adjusting their production, resource supp ly, and 
consumption decisions so as to maximize net benefits. It is hoped that 
through a careful application of analytical tools one could attempt t o 
understand the decision making behavior of farming househo lds and seek to 
minimize the potential conflict between the objectives of policy makers 
and the aspirations of farming households. 
In order to achieve these goals, it is necessary that a reliable 
data base be in place because agr i cultural development and increased 
production levels rely both on creating effective investment 
opportunities and eff icient utilization of existing resources. 
Similarly, it is important that reasonable information be available on 
the physical resources, l evels of farm income, net revenue of different 
ente rprises, and the potential increase in income and production which 
could result from a r ational utilizat i on of existing and newly created 
r esour ces . Furthermore, the problem of inadequate ag ricultural supply 
requires an understanding of the factors which influence resource demand 
and product supply of individual farm firms . 111erefore, there is need to 
understand the decision making behavior of farming households as to the 
sour ces and uses of resources and the pattern and direction of change 
owing to changes ln key policy variables. 
One necessary condition is for planners and decision makers to 
obtain adequate information so that the consequences of policies 
formulated can adequately be antic i pated . In the past, the lack of 
adequate information and the inability to comprehend both internal and 
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external forces have led to large gaps between government intended 
objectives ( target levels ) and achievement levels . Tilerefore, without a 
clear understanding of the farm structure, the pattern of price response 
and the economic organization and motivations of farming households, 
planners and policy makers cannot fully evaluate the potential impact of 
agricultural programs on the volume of production, farm incomes, 
consumption, nutrition, and the genera l welfare of society . 
Assuming the foregone discussions are reasonably true, what policy 
combinat i ons and/or by how much should producer prices be increased, 
production costs reduced, and consumer prices maintained in order to 
generate adequate income levels within existing technology and/or 
improved technology? Another r elated question is, at what level of 
operation can a combination of policies and producer and input prices 
enable the farming household to earn a reasonable level of income without 
significantly raising the prices of food to consumers, lowering the 
nutritional levels, and raising the prices of raw materials to industry. 
Tilis study seeks t o make a contribution towards the knowledge and 
information necessary for the formulation of rational policy packages 
consistent with meeting micro and macro level objectives . 
Tiie Objectives of Study 
1. Review current practices to determine what farmers are doing 
(pos itive phase) and hypothesis testing which seeks to explain and 
rationalize the behavior of farming households . 
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2. Develop a one-period linear programming model for an average farming 
household practicing mono cropping under handhoe and oxen 
technologies . 
3. Identify and analyze of production potential, levels and patterns of 
resource use, consumption behavior, and nutritional levels, i . e .• 
nonnative phase which seeks to determine what farming households 
ought to be doing to achieve stated objectives . 
4. 'Tilrough paramet r ic programming analyze the impact of varying levels 
of capital availability on resource and consumption patterns. 
5. Analyze results and form generalizations by carefully identifying 
those factors which significantly influence the decision making 
behavior of farming households. 'Tilis is the policy phase which 
attempts to narrow the gap between policy objectives 3 and 4 above. 
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CHAPTER 2. STRUCTURE OF AGRICULTURAL PRODUCTION IN THE STUDY AREA 
Data Sources 
The study area 
The data forming the basis for this chapter are based on a household 
survey of 42 households in the Central province of Zambia during the fa l l 
of 1982. The survey was part of a larger survey carried out in two other 
provinces, Southern and Northern provinces. It was primarily designed to 
examine women's contributions t o household incomes, participation in 
market activities, and resource inputs into farming systems (Due and 
Mudenda, 1985) . Much of the input-output data was based largely on this 
survey supplemented by information from government publications and 
personal interviews with farming househo lds in the countryside . 
The study area (Mubwa District) is located approximately 50 kms 
northwest of Lusaka. The area is characterized by two distinct seasons, 
( 
the dry and wept seasons. The wet season begins in November and lasts 
r 
until April. The area is agricultura l in nature and because of its 
proximity to a large population center linked by an all weather road, it 
is one of the most productive agricultural areas . In general, farming 
practices involve large commercial farming activities and of interest in 
this study are small farming households with limited resource bases, 
using handhoe technology and oxen technology. Fertilizers, chemicals, 
and improved seed are used where capital is available and households 
perception of the level expected incomes. 
/ 
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Resource Uti lization and Production Practice 
Fami ly labor force 
The family prov ides the bulk of the farm labo r force, with supply 
supplemented occas i ona lly by relatives and friends. Labor hiring 
activities a re limited to specialized operations, for examp l e , stumping 
and/or oxen cultivation. During the farming season, females contribute 
an average of 53 percent of total household labor supply to agriculture 
while males contribute 47 percent . 1bere is a strong correlation between 
farm size, the l evel of agricul tural commerc ialization, level of input 
use , and level of labor hiring activities by farming households (Due and 
Mudenda, 1985). 
The intensity of wo r k by the family shows a seasonal pat tern . Other 
studies have shown that during the peak labor months , the numbe r of hours 
spent resting per day signi f icantly declines (Crawford, 1982; Elliott, 
1970), re f lected in man-days available fo r fa r ming activities per month. 
1be proportion of time dev o ted t o r esting fel l from a peak of 27 percent 
(i.e. , over three hours in a 12- hour working day) t o less than 16 pe r cent 
at harvest time. Similarly, r est ing fo r male adult vis it or s feel from 78 
percent in November to 30 percent in February (i.e ., during the weeding 
period) whi l e the pe r cen t of time spent on crop production activities 
r ose fr om five percent tn November t o 16 percent i n January . 1be wage 
rates received by rur al wage earners depend on the task to be performed. 
The government regu lated mi nimum wage rate is about K2 .00 per day. 
Payments are also effected through barter transactions. 
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Table 2.1. Average fanning household and oxen labor supply and dema nd by 
a b crop and by season per acre ' 
August-November December- May June - July 
I II I II I II 
MD MD OD MD MD OD MD MD OD 
Maize 17.14 6.76 4 . 85 33.20 19.53 2 . 44 18.42 18 . 62 1.29 
Beans 
Groundnuts 
Cotton 
Sunflowers 
Total 
Total family 
labor supply 
3 .05 3 . 24 108.00 21.19 0 . 65 
31.17 19.93 3.44 70.85 44 .47 1. 62 75 . 71 38.06 0 .17 
32.79 5 .23 1.21 72.04 39.55 2.43 30 .36 21.80 0.24 
3.62 2.43 84 . 21 17 . 75 0 . 63 44 . 94 9 . 72 0 .37 
8 1 . 10 38.59 15.17 368.30 122 . 96 7 . 77 169 . 43 88 . 20 2.07 
452. 18 1137. 78 308 . 71 
al = handhoe technology, II =oxen technology, MD 
oxen-days. 
man-days, OD 
bsource: Compiled by author from (Elliott, 1970; GRZ :MAWD, 1982). 
Sources of cash income 
Marketing of farm c rop products forms a significant sour ce of 
household income accounting for 75 percent of gross income while 
livestock sales accounted for 25 percent of gr oss farm income (Table 
2.2). Other sources of income include off- farm employment, petty trade, 
and gifts received from friends and relatives. Table 2.3 shows that 41 
percent of total off-farm income was earned from off- farm employment, 44 
percent from petty trade , and 15 percent from gifts . 
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Table 2.2. Average farm income from c r op and livestock salesa 
Item 
On- farm: 
Crop sales 
Livestock sales 
Subtotal 
Less: 
Farm expenses 
Net farm income 
Returns per acre (c r ops) 
Amount (K) 
373.00 
114 .00 
487.00 
214 . 00 
273 . 00 
28 .14 
asource: Compiled by autho r from survey report (Due and Mudenda, 
1985) . 
Table 2 . 3. 
Source 
Employment 
Petty trade 
Gifts 
Other 
Total 
a Average off-farm income by sou r ce 
Amount (K) 
73.00 
78.00 
26.00 
1.00 
178 .00 
Share 
0.41 
0.44 
0 . 15 
0.01 
1.00 
asource: Compiled by author from survey report (Due and Mudenda, 
1985) . 
Uses of capital 
Farm capital There are two main sour ces of farm cap ital, owner 
savings and borrowed capital . Family eq uit y is a very small proportion 
of total farm capital. The predominance of subsistence farming and 
consequent low farm incomes due to smallness of farms and low yields 
militate against capital accumulations. 
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Capital borrowing The principal sources of credit for farm 
inputs are the Agricultural Finance Company (AFC) and the Lint Board . 
The Lint Board provides inputs, extension services , and marketing outle t s 
for cot t on a nd soybeans. Credit needs for a ll other crops must be met 
from AFC, friends and rela tives , and the Cooperative Credit Unions (CCU) . 
Ou t of the total sampl e surveyed, 44 percent r eported borrowing and about 
28 percent of those borrowing ob t ained credit from the Lint Board, 22 
pe r cent from fr i ends and r elatives , and, finally, 11 pe r cent obtained 
c r edit f r om Coopera tive Cr edit Unions (Table 2 . 4). 
Tab l e 2.4 . 
a 
Average amounts and sources of c redit in the study area 
No. of fami lies Amount 
Average borrowed--all fami lies (K) 
Average borrowed per family borrowing (K) 
Sour ces : 
AFC 
Lint Board 
Friends and relatives 
Cooperative Credit Unions 
Total 
5 
7 
4 
2 
18 
225 
74 7 
aSource: Compi l ed by author from su r vey report (Due and Mudenda , 
1985) . 
The average level of borrowing was K747.00, while the most frequen t 
amount borrowed was less than or equal to Kl 00 . 00 . The level of 
bor r owing seems to be strongly associated with the deg r ee of agricultural 
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commercialization and farm size. Credit use shows that 49 percent of 
credit recipients used it on fertilizer and/or hybrid seed, 20 percent 
obtained insecticides, four percent used credit to purchase cattle, six 
percent used credit on unspecified farm inputs, while two percent used 
credit for purposes other than what it was intended for. In order for 
the credit program to be successful, credit recipients must honor their 
credit obligations. Evidence from the survey shows a 66 percent 
repayment rate while of the total number of families borrowing, 88 
percent are reported to honor their credit obligations ( Table 2.5). 
Table 2 . 5 . Mean amount borrowed and repaida 
Number borrowing 
Percentage of families borrowing 
Amount borrowed (K) 
Amount repaid (K) 
18 
43 
525 
347 
aSource: Compiled by author from survey report (Due and Mudenda, 
1985) . 
Fann operating expenses Fertilizer expenses were the largest 
accounting for 48 percent of total operating expenses as shown in Table 
2.6, seed accounted for 20 percent, labor hiring accounted for 14 
percent, while chemicals, farm tools, and o thers accounted for 18 percent 
of total farm expenses. Land rent and oxen expenses only ac count ed for 
eight percent of the total farm expenses. 
Table 2.6. 
Item 
Labor 
Seed 
Fertilizer 
14 
a Average farm operating expenses 
Farm tools and supplies, transport, etc. 
Tota l 
Average 
expenditures (K) 
30.00 
43.00 
103 . 00 
38. 00 
214.00 
Average 
share 
0 .14 
0.20 
0 .48 
0.18 
1.00 
aSource: Compiled by author from survey report (Due and Mudenda , 
1985) . 
Consumption Profile of the Ave rage Fanning Household 
Family living expenses 
Farming households on average spent K403.00 on a variety of family 
expenses per year. Table 2.7 shows that food, clo thing , and footwear 
each accounted for 27 percent of the average expenditu re, followed by 
expenses on s ervic es accounting for 25 percent of average expenditures. 
Ao investigation of the overall household income use taking into 
account imputed value of on-farm co nsumption shows that household 
expenses ac count for 64 percent o f total value of e xpend itur e s with f ood 
accounting f or 46 percent. Farm expenses and household investme nt each 
accounted for 22 percent and 14 percent, respective l y . After accounting 
fo r al l expenses, it is estimated that savings is approxi mately Kl 8 . 00 
per annum. 
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Tab l e 2 . 7. a Mean expenditures by commodity groups 
A. Household expenses 
1. Food 
( i) On-farm 
(ii) Purchased foods 
2 . Nonfood expenses 
3. Se rvices expenses 
4 . Transfer and gifts 
B. Household investment 
1. Clothing and footwear 
2 . Hous ehold goods 
c. Farm investmen ts 
1. Farm tools 
0 . Operational expenses 
Total 
Average 
household 
expenditure 
335 . oob 
110 . 00 
44.00 
100.00 
12 . 00 
109. 00 
28 . 00 
3.00 
211.00 
617. 00C 
Average 
share 
0 .18 
0.07 
0 . 16 
0.02 
0 .18 
0 . 05 
0.34 
l.00 
aSource: Compiled by author from survey report (Due and Mudenda, 
1985) . 
blmputed value oE on-farm consumption (crops) . 
cThe total excludes imputed value of on-farm consumption . 
Kinds oE Crops and Cropping Pattern 
Climatic conditions are favorable to the production of a variety of 
crops. Several crops are cultivated in the study a r ea, for instance, 
millets, sorghum, wheat, potatoes, vege tabl es , and other garden c rops. 
Information relating to their value relative to hou seho ld consumption 
needs and income generating capability and their demand on household 
resources is not available . Also, livestock activities are reported but 
necessary data a r e not ava ilable to incorporate them in the model. 
Available data and information shows that farming households practice 
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mono cropping. Although mixed cropping practices are not reported, they 
are widely practiced . Mixed cropping is a risk management strategy 
widely recognized as central to the survival of peasant farming house-
holds. The disadvantages of mixed cropping could be stated as follows: 
(i) mixed c r opping can lead to reduced yields due to crop competi-
tion for nutrients, space, and ligh t; 
(i i ) lower plant density of individuals c r ops; and 
( iii) limit the adoption of improved technology, e . g . , oxenization of 
certain field operations. 
The advantages include: 
(i) higher t o tal population density leading to higher yields per 
ac r e, and 
( ii) minimization of risk arising from c rop failure due to weather 
uncertainties. 
Based on the above discussion, it LS necessary that mixed cropping 
recommendations be based on sound and well-tested scientific research 
relative to existing technolog ies. 
Land allocation decisions show that maize 1s the dominant crop 
reflecting current government policy (Table 2.8). Cotton is the second 
most important c r op . However, its significance seems to be enhanced 
by the Lint Board's provision of c redit, extension services , and 
marketing outlets. This is so because even without allowing it to 
compete for resources with other c rops, its pr ofitabilit y (Kl . 80/ man-
day) was shown to be lower than sunflowers (K2 . 40/ man- day) and/or beans 
(K2 . 80/man- day) . Furthermore, cotton is a very labor intensive c r op . 
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Even for medium-scale commercial farmers, one hectare is considered to be 
too large (GRZ:MAWD, 198lb). Also, and perhaps most important, is the 
fact that fanning households attempt to save on all cash inputs, hence 
spending less on insect control, an essential cash input, consequently 
resulting in low yields. Groundnuts are equally very labor intensive 
while their profitability is significantly reduced by low producer prices 
(GRZ:MAWD, 1983b). 
Table 2.8. Land allocation of specific crops (acres)a 
Crop 
Maize 
Beans 
Groundnut s 
Cotton 
Sunflowers 
Other 
Total 
Total 
252.00 
2.00 
20.80 
20.40 
14.00 
1. 00 
310.00 
Average 
6.00 
0.20 
0.80 
l. 70 
1.00 
0 . lO 
9.80 
Average 
share 
0.61 
0 . 02 
0 . 08 
0 . 17 
0 . 10 
0 . 01 
1.00 
aSource: Compiled by author from survey report (Due and Mudenda, 
1985). 
Farm objectives 
Although profit maximization behavior is appropriate, it has been 
observed that a combination of security and profit maximization closely 
reflects the behavior of farming households . Food self-sufficiency and 
income generation are both seen to contribute towards food security . 
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Table 2.9 shows that not only are some crops grown purely for subsistence 
but that a significant portion of other crops is retained for home 
consumption. Evidence shows that 54 percent, 57 percent and 10 percent 
of maize, groundnuts and sunflower is retained for consumption, 
respectively . It is not c lear, however, if these levels of consumption 
meet the minimum recommended nutritional levels. The nutritional 
requirements were calculated using information from the Food Composition 
Tables for Zambia (GRZ:NFNC, 1971). 
In order to convert the coefficients into minimum annual family 
nutritional requi r ements, the average family unit was standardized into 
annual consumption equivalent units. Given the nutritional r equirement 
per adult consumer equivalent and average family size , the annual minimum 
nutritional requirements were estimated for the relevant nut rients (Tab l e 
2.10) . 
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CHAPTER 3 . REVIEW OF THEORETICAL AND EMPIRICAL STUDIES 
Farming Household Linear Programming Models 
The application of linear programming to studying fanning households 
recognizes t hat the farming household is a combination of two un its of 
microeconomic activity--household and farm. The approach is capable of 
showing the interdependency among enterprises with respect to changes in 
resource availability and levels of use and changes in r e lative price 
ratios of different products and factors. Subsistence agriculture shows 
ove rwhelming dependence of the household upon the outpu t of the farm for 
its consumption requirements for food and other outputs and by the 
overwhelming dependence of the farm upon the household for its labor 
requirements (Tesfaye, 1984). 
The resulting implications are such that production and consumption 
decisions should be analyzed jointly. Household consumption requirements 
may have an influence on a farm's cropping patte rn if food c rops compete 
with nonfood cash c rops for land and other resources. Consumption needs 
of ten lead to diverse cropping patterns since a variety of nutritional 
needs have to be met . Therefo re, economies arising from specialization 
are lost . Consumption requirements also influence the level of 
commercialization of production and, hence, the amount and composition of 
marketable surplus. Marketable surplus is a major source of cash incomes 
and the means by which farm i nputs are obtained. 
Consumption and on-farm investments are intertwined . Si gnificant 
input into subsis tence agriculture is provided by the household; the 
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amount of family labor available on the farm depends upon the choice 
between leisure and income . Some authors have suggested that subsistence 
farmers are "target" farmers (Lewis , 1966). This means that farmers 
produce for the market so far as t o mee t specific consumer demand which 
if met removes the incentive to produce further for the market beyond the 
immediate cash and/or consumer demand . This phenomenon may not be a 
reflection of low aspirations but rather unwillingness to work for 
extremely low marginal returns (Singh, 1971). Furthermore, it should be 
po inte d out that investments that significantly raise labor produc tivity 
decrease the relative importance of l eisure and increase the supply of 
family labor. 
On-farm inves tments are limited by the household's ability to save, 
since in subsistence agricul ture a significant po r tion of capital 
accumulation is done either through a direct expenditure of labor on farm 
improvements or through savings . Rates of savings and investment may be 
low because of low rates of returns expected from investments in farm 
input s o r because of high rates of discount for future incomes arising 
f r om uncertainty and risk in traditional agricultur e . Preferences for 
low mean incomes but l ess variable over high incomes is consistent with 
rational behavior given the inability of farming households t o contro l 
the physical environment on which subsistence agriculture depends. 
Savings may be low at l ow l evels of output after subsistence 
consumption needs have been met. At the micro level , the ability to 
invest is very much determined by the surplus o f pr oduct i on over 
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consumption for a given household. 'Therefore, at very low levels of 
consumption, consumption and investment cannot enti r ely be separated even 
as concepts since food requirements are essential for maintaining the 
primary production input-family labor, and can be considered as 
investment in a very durable and versatile asset. Against this 
background, the decisions to consume, produce, and invest cannot be 
separ ated except as useful desc riptions of various types of activities 
observed in the farm household. 
Amount and composition of marketable surplus depends upon both 
decisions t o retain outputs fo r consumption as well as decisions to 
produce those output s. Marketable surplus determines the cash flow 
pos i tion o f the farming household and subsequently the extent to which 
the househo l d invests in variable and quasi- fixed nonfixed inputs. 
'Therefore, an increase in the cash flow ceteris paribus becomes a 
necessary cond ition for investment in new technology , cur r ent production 
which enables the household to purchase inputs, and, finally, the 
transformat i on of subsistence agriculture. Against this background, the 
need for credit institutions, availability and terms of credit, and 
sources and uses of credit cannot be ove remphasized . 
On-farm investment s and consumer demand compete for limited 
resources available to the household. 'The household participates in the 
market place to dispose farm outputs and acquire consumer goods , hence as 
the farmi ng household increases its part i cipat i on and dependence on the 
market it loses substantial reliance on the farm for its food needs and 
increases the share of foods purchased from the market, thus increasing 
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the household's cash needs . As incomes increase , given positive income 
elasticities for most consumer goods, cash consumption expenditures also 
increase. 
Applications and Empirical Studies 
Tiie application of linear programming to farm firm analysis has been 
e xhaustively discussed elsewhere (Be neke and Winterboer, 1973; Heady and 
Candler, 1958; Lardd and Easkey, 1959; Zuckerman, 1979; Zusman and Amotz, 
t 
1965). Applications to developing economies are evident from Ahn, Singh, 
and Squire (1981) in Korea using a linear farm technology and a vector of 
output and input prices. Howard N. Barnum and Lyn Squire (1979) used a 
conventional approach to assess the theoretical significance of 
introducing the production of nonagricultural goods into a model of 
household behavior, and to examine the r o l e of labor market participation 
in determining output and labor supply r esponse . However, no 
consideration was made for crop consumpt ion decisions. Cr awford applied 
a stochastic linear prog ramming model to representative farming 
households in Northern Nigeria (Crawford , 1982). Tesfaye (1984) used 
both linear programming and econometric analysis to examine farming 
household r esource and income uses among representative Ethiopian fanning 
households. Other studies include Strauss, 1981; Yotopolous, Lau, and 
Liu , 1976; Yotopolous and Lawrence, 1974 ; and Krishna , 1969. 
Tiie main focus in all these studies has been to derive optimLDTI farm 
production plans, resource demand, supply and uses, various price 
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relationships, resource availability and technological coefficients , and 
farm level profitability . It is assumed in all these studies that an 
active labor market exists and that no distinct difference exists amo ng 
farming household pr eferences towards alternative uses of time . 
Theoretical Model Formulation 
A conventional linear programming model could be formulated as 
follows: 
subject to: 
where: 
Max Z = C' X 
AX .s_ (=, >)B 
x > 0 
Z value to be maximized, 
C nxl vector of prices, 
X nxl vector of activit y levels, 
A= mxn matrix of input-output coefficients, and 
(3.1) 
( 3.2) 
( 3.3) 
B mxl vector of available resources and/or other restrictions . 
Assumptions: 
(i) both the objective and constraint functions are linear , 
(ii) the activities are noninteractive, 
(iii) the input-output coefficients are proportional (a right-angle 
isoquant), 
(iv) all coefficients are known with certainty, and 
(v) the decision variables are no nnegative (equation 3.3). 
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The parametric programming model is a modification of the conven-
tional simplex l inear programming model presented above and could be 
presented as follows: 
y 
Max z = l: c.x. a j=l J J 
(3 . 4) 
subject to: 
where: 
c • I 
J 
and c. 
J 
m 
l: a . . x. < (=, > )b. ) 
i =l Ji J 
- i 
(3 . 5) 
x. > 0 (3 . 6) i 
z Z(X l' X2 I .. . ' x.' J ... ) ~) 
c. I < c. < c. I I 
J J - J 
c. I I - c. I = k or 
J J 
X 
c. II - c. I = Ak 
J J 
Z ath objec tive funct i on t o be maximi zed fo r a g iven price 
a 
(resour ce) level within the gi ven pri ce ( resource) range . 
b. level o f t he . th ava il ab l e. = i r esour ce 
i 
I I = lower and upper 1 imits of the ( resource) of t he .th pr i ce J 
activi t y. 
constant i ncremen t 
. . th .. 
tn the price of the J activit y . 
k the number of opt imum solutions within the pr i ce 
(resource) r ange . 
The derived solutions (s hort-run ) pr esuppose that no changes other 
than product price and /o r those specified exogenously occur. It is also 
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generally assumed that farms have achieved an optimum organization before 
the series of price changes occur. However, it is generally observed 
that farmers in the study area and/or developing countries are far fr om 
their optimum organization. Under this .formulation, it is i mportant to 
note that the quantity of product supplied and the level o f resource 
demand are not only functions of the prices of ou tput and resources, but 
the model also considers the array of alternative production enterprises 
competing f or the limited resources and also alternative farm objectives 
and the level of techno l ogy. Note that since they r elate to the present 
asset structure and technological coefficients of the fa rm, the analysis 
is essentially static in nature. 
Farmers operate in a dynami c world in which not only prices but a lso 
technological resource availability change over time . Also, constant 
product and factor pr i ces given changes in the price of one product 
and /o r factor are strictly short-run phenomenon which assumes complete 
independence between factors and /o r products--a s ituation not very 
typical of the agricultural industry . In the real world, many factors or 
products have competitive, supplementary, and complementary relationships 
in the production process . For i nst ance, an incre ase in the producer 
price o f groundnuts which lncreases significantly its pr ofit abi lity 
relative to maize ceteris paribus will lead to increased land and 
resource allocation t o groundnuts and a decrease o f those resources 
allocated to maize production. Therefore, in the final analysis there 
a re many combinations of product and resource prices. The fo rmulation of 
an appropriate long-run pr ice and r esource po li cy r equires an 
27 
understanding of both the short-run and long-run effects of price changes 
on resource demand and product supply. 
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CHAPTER 4. PROGRAMMING MODELS FOR THE STUDY AREA 
Adaptation of the Structure of LP Models 
Although profit maximization is the assumed objective in determining 
the normative phase of the analysis, consumption and nutrition 
requirements are included in the model to r eflec t the realism 
characteristic of the area of study. Specifically, the estimated LP 
model inco rporat es the fol l owing adjustments: 
(a) Co nsumption activities are incorporated in the model to allow 
the farming household to meet its minimum nutritional 
requirements . 
(b) Minimum nutritional constraints are incorporated into the 
equations to ensure that the average farming household meets its 
minimum nutritional re~uirements . 
(c) The resource column for labor supply and capital are adjusted to 
allow for labor hiring options and credit borrowing activities, 
respectively . 
(d) Draught oxen are used at various stages of the production 
process under oxen technology. The estimated requirements and 
their supply are entered in the resource column . 
(e) Alternative farm objectives are introduced in the model in orde r 
to approximate the farming household's ordered goals and 
establishment of trade-offs among them (Tesfaye, 1984). 
Three goals are treated in this study . The first goal is the 
"subsistence mode," in which the household pr oduces first for home 
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consumption with the surplus marketed for cash earnings . Under this 
formulation, a minimum subsistence food consumption r equirement lS 
specified to be met either from on-farm consumption and/or market 
purchases. The second alternative is the "nutrition mode" under which 
the farming household is for ced to choose crop mixes that meet minimum 
household nutritional requirements . Finally , is the " market mode" unde r 
which it is assumed that the so l e ob j ective of the farming hou sehold is 
maximizing income . 
The Constraint Structure 
The constraint se t includes structural (resour ce) and behavioral 
constraints . Resour ce constraints r elate t o the availability of variable 
inputs, i. e . , family labor, hired labor, and other i nput s . They also 
include avai l ability of quasi-fixed inputs in the form of available 
c l eared land and the use of oxen and oxen implements . They do not 
e ncompass fixed cos ts that go towards purchases of oxen and oxen 
implements because that option appears to be unprofitable g i ven small 
cultivab l e land ho ldings. 111e utilization of various inputs is examined 
l n relation to the rel evant pr oduction periods and/o r activities inc luded 
ln the model. 
Land constraint s 
Ge neral ly, land i s not a limiting factor , however , cultivable land 
is limiting. Therefor e , land is limit ed by the ave r age acreage of 
c l eared land availabl e to the household . 
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Labor constraints 
There are three distinct seasons incorporated in the model, hence 
there are three labor constraints for each period (Tab le 1.1) . The 
sources of farm labor are family labor and labor hiring . The total labor 
available to the fanning household is compu ted by an age-sex coeff i c ient 
of worker productivity and the total hours are divided by 6.5 hours to 
convert them to man-days. Labor availability is discussed in relation to 
the stipulated periods in the model. 
Oxen constraints 
Oxen labor is based on hiring a pair of oxen and performing certain 
field ope rations . The amount of oxen labor available for hire in a 
locality is limited during any time period. There are three distinct 
seasons and, hence, there are three constraint s , one for each period 
(Table 1.1). 
Capital and credit constraint s 
This lS a cons traint on the cash available to the household for 
executing activities that use cash by the total cash savings generated 
from the previous year through the sale of outputs; nonfarm cash earnings 
excluding any cash consumption expenditures . Seasonal borrowing lS 
included in the model to augment household cash for financing farm 
operations. Borrowing is limited by an upper bound imposed by the 
lending agency based on the c rop portfolio in the farm plan and does not 
cover consumption and/or labor hiring activities . 
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Co nsumption constraints 
These describe the a nnua l domestic food needs of the household 
composed of on-farm consumption and market pur chases of consumer goods . 
They are defined for a minimum r equirement of the average farming 
household, def ined as a fixed function of household compo s ition. 
Nutritional constraint s 
Minimum nutritional requi r ements are incorporated in t he model based 
on the age and sex structure of the average farming household . A 
consumer equivalent of four is used to adjust the relevant coefficients 
on an annual basis . 
Age 
0-4 
5- 9 
10-1 5 
16+ 
Coefficients applied to estimate the number of man- equivalent 
consume r un it s for the average household 1 
Consumer 
Male Female equivalent units 
(a) (b) (a+b) 
0.15(1) 2 0 . 15(0) c 7 ... 
0.25(0) 0 . 25(1) 0 ~ 
0 . 55(1) 0 . 55(1) 1 
1. 00( 1) 0 . 75(2) I 
l . 70 ~ 2.30 4 .00 
Activities Ln the Mod e l 
Produc ti on activities 
Production activities are considered for both handhoe and oxen 
technology . They define the set and sequence of ag ri cultural tasks that 
1source: Compiled by the author. 
2The figures in the pare ntheses show the number o f household members 
Ln the age groups. 
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have to be accomplished by the household in order to realize final 
outputs . The pattern and rate at which these tasks are undertaken is 
influenced by weather conditions, cropping pattern, crop mix, resource 
availability to the household, and the technology set known and available 
to the household . These tasks are associated with: 
(a) A unit cost associated with a particular task accounting for all 
the costs of the subset o f tasks included in the model . 
(b) An intermediate or final output per unit level of the activity. 
(c) Input coe ffi cients defining the level of use of various physical 
and financial re sources . 
Most field operations can be performed by eithe r handhoe, oxen 
technology, or a combination of both. Associated with each task is a 
performance rate defining the time it takes to be completed, while it 
says nothing about the quality of work performed. This permits a 
thorough examination of the input-output structure and the transformat ion 
process. Production activities are associated with a vector of costs or 
return input-output coeffic ients. The coefficients are incorporated in 
the mode l such that production operations depict a fixed input-output 
st ruct ure representing intermediate production activities. 
The organi~ation of agricultural operations permits a one 
directional flow of resource use. This is consistent with linear 
programming algorithm which treats the e ntire period as a sing le point in 
time without making a distinct i on between the beginning and the e nd of a 
period (Singh, 1971). This requirement is not fully accomplished in thi s 
model, however its significance lies in the fact that it prevents 
expenses from being paid from income not yet received . Each production 
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activity ls defined in terms of its share of total cropped land, the 
share of the crop ln the household diet, and its income generating 
capability. 
Buying and selling activities 
Tilese involve the purchase and use of variable inputs which depend 
among others on: 
(i) Type and scope of production activities undertaken by the 
household. 
(ii) Relative marginal productivities in var1ous uses which in turn 
depends on production alternatives available to the household . 
(iii) Availability of farm inputs t o t he household lO the appropriate 
quantities and on a timely basis . 
The use of variable inputs demonstra t es the interdependence between the 
farm and the household . Tile household 's own resources are consumed by 
the farm with the appropriate opportunity cost . The use of the 
household ' s own resources differs from the range of other resources in 
that no cash exchange takes place. 
Buying and selling activities also involve the purchase of consume r 
goods over and above on- farm retention , necessary for meeting minimum 
nutritional requirements and other family expenses. Furthermore , they 
i nclude the disposition of farm outputs through the formal marketing 
channels. TI1e prices used r elate to the 1981-82 agricultural season . 
Labor activities 
Labor activities involve family labor and labor hiring activities . 
Tile inputs of family labor are given a zero marginal cost in the 
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objective function because it is assumed that consumption and nutritional 
constraints account implicitly for its internal cost. The opportunity 
cos t of labor is determined by off- farm wages. There are differential 
wages reflecting the type of task performed and the age of the worker. 
However, in this study the government mandated minimum wage rate ts 
employed for labor hiring activities in the objective function . 
Capital borrowing activities 
Given that owner financing t s limited, borrowing activities are 
incorporated in the model to finance farm input purchases (i .e., seed, 
fertilizers, chemi cals) but borrowed capital cannot be used to cover 
labor hiring activities . The interest rate is 9.5 percent. Cr edit from 
relatives, friends , and local money lenders has not been inco rporated in 
the model because of data inadequac ies . Borrowing act ivities have been 
incorporated in the model in order to examine the c riticalness of credit 
facilities to scale operation and farm incomes . Transfer activities are 
incorporated to transfer capital from the household's own savings, and 
bo rrowed capital to farm operating expenses . 
Consumption activities 
These activities are associated with household consumption needs 
of: 
(i) Food gr ain and food it ems from the household ' s production 
process. 
(ii) Consumption of purchased goods. 
The principal component of cons umption is graLn fr om either source 
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mentioned above. Consumption is given a zero cost in the objective 
function. 
Nutr i tion rest r aints and activ i ties 
The r est r aints seek to define the m1n1mlll11 nutritional requ i remen ts 
of the household , the activities define how r equirements can be met from 
on- farm consumption , market purchases, or a combination of both. 'The 
activities provide a c lose accounting of the kinds, amounts , and 
composition of foods available t o the household. The in t eraction of 
these activities with all other activities pl us restraints determines the 
household ' s choices regarding food sources . 
Mathematical Statement of the LP Mode l 
The mathematica l model of the typical farming household could be 
stated as f ollows: 
Objective function 
where : 
Max TI = E P.X. - EC.X. - Ew.LH. - Ea.OH. - Ey . S. 
j]J jJJ 1.1. 1 ill ill 
( 3. 7) 
IT ne t farm cash income in kwacha, 
P h . 11. . f h . th f . t e unl.t se ing price o t e J arm pr oduce 1n kwacha pe r 
J 
kg, 
X = 1 1 f h . th d . . j eve o t e J pro uct1on process in kg, 
C. =variable cash cos t s fo r the jth production activity in kwacha 
J 
per acre , 
w. 
l 
LR. 
l 
a. 
i 
OR. 
l 
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d . h .th k h = wage rate per man- ay ln t e l season in wac a, 
. . . th . d labor hired ln the t season in man- ays, 
. . . h . th . d = cost of h1r1ng oxen use ln t e 1 season ln oxen- ays, 
. . 1 . h . th . d =oxen h1r1ng leve in t e i season in oxen- ays, 
y. 
1 
annual rate of interest in percentage for borrowing capital 
for production, and 
e. =amount of capital borrowed for various farm uses in kwacha, 
i 
sub ject to: 
Land constraints 
where: 
a. 
J 
Ea . X . < LA 
j J J 
. . . f h . th d . quantity of land required per unit o t e J pro uct1on 
process in acres, and 
(3 .8) 
LA amount of cleared cultivable land available to the household 
in acres . 
Labor constraints 
(i) ELF. > He .. x . . - EE LH . . , 
i i ji Ji Ji . . J l Jl 
(3 . 9a) 
(ii) ELF . > He .. x .. or ELF. = ELF. + ELH. 
i 1- j i Jl Jl i i i l i l 
(3 . 9b) 
where: 
LF. amount of adjusted family labor available in the ith season in 
i 
man-days exogenously determined, 
LF t f 1 b . 1 b 1 h . th f . amoun o a or resource avai a e in t e i season or 
i 
farming activities, and 
37 
e .. 
Ji 
amount of labor required in the ith season per unit of the jth 
pr oduct i on activity . 
Oxen cons train t s 
(i) EOF . > H m .. x .. - HOH .. 
i i ji Ji Ji ji Ji 
(ii) EQF. > Hm .. x .. - HOR .. or EOF. > Hm .. x .. . i - .. Ji Jl . . Ji . l - .. Ji Ji 
i Jl Jl i Ji 
where: 
(3 . lOa) 
( 3.lOb) 
OF . amount of oxen-days available in the ith season, exogenously 
i 
determined, 
m •. 
Ji 
. 1 b . b h . th d . = per unit oxen a or requirements y t e J pro uction 
. . . h .th d act1v1ty 1n t e 1 season, an 
OF. =amount of oxen labor r esource available 1n the ith season . 
i 
Capital and cred it const r aints 
( i ) KR > Ek . x. - ES . 
- j J J j J 
(ii) KH = KH + EB. 
j J 
where: 
(3 . lla) 
(3.llb) 
KH =amount of owner ' s working capital initially available in 
kwacha , 
k. amount of working capital required per unit of the jth 
J 
production activity in kwacha , and 
KR amount of working capital available 1n kwacha. 
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On-farm consumption constraints 
R. < r .x . 
J J J 
(3 .12 ) 
where: 
R. = a minimum h ouseho ld consumption requirement for the jth farm 
J 
produce in kg, and 
r . = a fraction of ou tput per unit of produc tion j retained fo r 
J 
domesti c c ons umption in kg. 
Nutrition constraints 
where: 
N . < d .X . 
tj - tj J 
(3 .13 ) 
N . the total amount of nutrients f or type t fr om consuming the 
tj 
. th f d d d . d J arm pro uce in stan ar unit s , an 
d . the amount of nutrients of type t s upp lied per unit of 
tj 
consumption of c r op J. 
Crop production equilibrium condition 
y . x. - R. x . 
J J J J 
whe r e : 
M. = 0 
J 
y. = average yields o f t he j th production activity in kg , 
J 
(3 . 14) 
R Of the J. th d . d f f . l . . amount pr o uce requi r e o r amt y consumption needs 
J 
in kg, and 
M. =marketing l eve l of the jth fa rm produce i n kg . 
J 
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A schematic summary of these equations is presented in Fig~re 4 .1, 
showing the activities, resource constraints, and the technical 
coeff i cients. 
Empirical Results and Analysis 
Handhoe technology 
In this section, the effects of alternative farm objectives are 
examined in relation to: 
(i) choice and ranking of c rop and consumption mixes, 
(ii) cash farm income and associated trade-offs in income earnings , 
and 
( iii) resource uses and their respective returns. 
Crop mixes Given the state of technology , behavioral and 
structural restrictions, the average farming household under subsistence 
and nutrition modes responds by producing the following c r ops in the 
fo llowing ranking: maize, groundnuts, and beans. The production of 
beans is only limited to meeting the minimum consumption and nutritional 
requirements. This is consistent with observed practices where beans 
have become a minor crop produced from fields close t o homesteads and/or 
intercropped with major crops, e.g ., maize, etc. Beans drop out of the 
basic solution as the household adopts a pure income maximization 
alternative (i .e., the market mode l) (Table 4.1). 
Choice of consumption bundles Maize is the dominant food c rop 
followed by groundnuts and beans as supp l ements . The dominancy of maize 
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Table 4 . 1 . A summary of results on return and uses of resources: 
Handhoe technology 8 
A. Maximand value 
B. Activity level 
1. Production (acres): 
Maize 
Beans 
Groundnuts 
Cotton 
Sunflowers 
Subsistence 
mode 
292 . 04 
7.17 
0.20 
0 . 33 
2 . On-farm consumption (kgs): 
Maize 1266 . 00 
Beans 31.00 
Groundnuts 96 . 00 
3 . Purchases (kgs): 
Maize 
Beans 
Groundnuts 
4 . Sales (kgs): 
Maize 1547.84 
Beans 
Gr oundnuts 394 .16 
Cotton 
Sunflowers 
5 . Borrowing (K): 196 .13 
c. Resource used 
1. Land (acres) b 9.70 
( 1. 00) 
2. Labor 
( i ) August-Nov (MD)b 19 5. 58 
(i i ) Dec-May (MD)b 
( 0 . 43) 
424 . 87 
(MD)b 
(0 .37) 
( iii) June-July 308.71 
(K) b 
( 1. 00) 
3. Financial capital 214 . 13 
(0 . 28) 
aSource : LP runs . 
bFigures tn 
kwacha currency. 
parentheses are shares; 
Nutrition mode Market mode 
170.24 592 . 65 
5. 64 7 .43 
1.35 
2. 70 2 . 27 
1777.70 
209.39 
438.ql 2917.62 
567 . 87 476 . 65 
222 . 12 191.97 
9 . 70 9 . 70 
( 1.00) (l.00) 
181. 04 198 . 10 
(0 .40) (0.44) 
524 . 90 407 . 50 
(0 .46) (0 .36) 
308 . 71 308 . 71 
( 1. 00) ( 1.00) 
240 .12 209.97 
(0 . 31) (0 . 27) 
MD = man-days; K Zambian 
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Tab le 4 .1. Continued 
Subsistence 
mode Nutrition mode Market mode 
D. Resource at limit MVP Range MVP Range MVP Range 
1. Land (K/acre) 43 .34 (6 .72- 43 .29 (8.85- 43.34 (4.08-
15 .54) 18.11) 16 . 76) 
2. Labor (June- July ) 0.55 (210.18- 0.53 (153.79- 0.55 078 . 67-
534.54) 372 . 75) 734 . 39) 
3. Capital:equity 0.095 (0.00- 0 . 095 (0 . 00- 0 .095 (0 .00-
214.13) 240 . 12) 209 . 97) 
E. Unit cash return: 
1. Land (K/acre) 30 . 11 17.55 61.10 
2 . Family labor (K/MD) 0.31 0 . 17 0 . 65 
3 . Financial capital 1.36 0 . 71 2.82 
F. Cash income trade-offs: 
1. Subsistence mode 1.00 0.58 2.03 
2 . Nut r ition mode 1. 00 3.48 
3 . Mar ket mode 1.00 
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becomes more pronounced under the nutrition mode wi th groundnuts becoming 
the so le supplement. This is because gr oundnuts pr ovide more and cheaper 
sourc es of nutrients per unit of consumption than beans ( Table 2. 11) . 
Furthe r more , as shown be low the ratio of producer to consumer prLces 
f avors groundnuts over beans. 
Cash farm income Maize t s the dominant sourc e of cash income 
followed by groundnuts tn all but the nutrition mode. Unde r the 
nutrition mode, groundnuts become dominant over mai ze as a source of 
Lncome . Given the resources available t o the household--cult i v able land, 
in par ticular, consumption, and nutrition requi rements--the revealed 
preferences of fa rming ho useho lds indicate that there ts limited s cope 
for market participation. Tilis is important not only because of existing 
s up ply l i mi tations for basic consumer goods in most parts of rur al 
Zambia, but more so due to highe r consLUTier prices r elat i ve to pr oducer 
pr i ces r eceived by fa rming households as demonstrated by the following 
proportions--0.67, 0 . 11 and 0.24 for maize, beans, and groundnuts , 
respectively. Under the subsistence mode , mLnLmLUTI co nsumption needs 
reduce the level of marketable surp lus fo r maize and groundnuts by 44 . 9 
and 19. 59 percent, respectively. Similarly, under the nutrition mode , 
marketab l e surplus i s reduced by 80 . 20 and 26 . 94 percent for maize and 
groundnuts , respective ly (Table 4 .1 ) . 
An examination of the l evels of cash Lncomes shows that first , as 
the cons traints become less binding , the fa rmi ng household's c ash income 
tncreases . Secondly , the average fanning household prefer s t o pr oduce 
r a the r t han to obtain f r om the market those food crops necessa r y fo r 
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meeting consump t ion and nutritional requirements . Ther efor e , consumption 
r equirements not only reduce the degree of specialization and 
commercialization of agricultural pr oduction but also lower the level s of 
cash earnings (Tab l e 4.1). 
The cash i ncome trade-off be t ween the alternative fa r m objectives 
helps to illustrate the impac t of produc tion plans on cash income 
ea rnings as a measur e of fo r egone income (Tesfaye , 1984) . 'lllis entails 
an assessment of the amount of cash income (in kwacha) gained per unit of 
income lost as the average farming household moves from alternative fa rm 
object ives to pure income maximization . Fr om Table 4 . 1 it is c l e ar that 
the average farming household benefits mo r e by shifting t o the market 
mode . The household gains more by shifting from the nutrition mode to 
the market model. Fo r every one kwacha l ost by shifting f r om nut r ition 
mode t o market mode, the farming hous ehold gains K3.48. Assuming the 
welfar e of farming households is measured in terms of cash generating 
c a pacity , the pure income maximization alterna tive is the dominant 
objec tive . 
Reso urce uses and returns Where a farm ing household is assumed 
to ope rate with 9 . 70 acres of land, Kl 8.00 of equity cap ital, and 1898 . 67 
man- days of l abo r br oken into three distinct production seasons , the 
shadow prices show that cul tivable land i s the most limitin~ facto r to 
increased c r op production and farm tncomes . Unde r these assumptions , an 
i nc rease in the amount of cultivab l e land available t o the household 
would increase farm i ncome by approximately K43.00. The sensitivity of 
cash income to changes in a r ea of cultivable land available shows th a t 
4S 
the subsistence model responds more rigorously to land adjustment s (Table 
4. 1). 
The employment rates (Table 4 . 2) show a seasonal and occupational 
pattern. In all c ases but the nutrition mode, employment rates are 
lowest during the December-May season and highest during the June- July 
season (lOO percent) under all farm objectives with a posi tive shadow 
price of KO . SS. There is, however, a shift in the pat tern of labor 
utilization during all seasons except the June-July season re lative to 
farm ob j ectives . This structural shift could be explained by the changes 
in crop mixes and land allocation decisions associated with e ach farm 
objective . 
. 
It should be pointed out that the model was constructed in such a 
way that it was not possible to show empl oyment rates on a monthly basis . 
Table 4.2. Employment rates of family l abo r and shadow prices a 
Production seasons 
Mode August-November December- May June-July 
Subsistence 43.2S 37 . 34 100 . 00 
(0.55)b 
Nutrition 40.04 46 .1 3 100.00 
(0. SS) 
Market 43.81 3S.82 100.00 
(O . SS) 
asource: LP runs. 
bThe figures in parentheses are shadow prices. 
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Such estimates would enhance our understanding of the labor restrictions 
in r elation to adoption of improved fa rming practices and oxen 
technology. Returns to family labor are fairly low under all farm 
objectives ranging from K0 . 17 under the nutrition mode to K0.65 under the 
market mode, lower than the gove rnment mandated mi nimum rural wage rate 
of K2.00 per man-day (Table 4.1). This is due among other causes to low 
yields, inefficiently small fields, and lack of alternative employment 
opportunities. Return to land is highest under the market mode . 
The credit needs of the average farming household reflects the crop 
portfolio in the production plans. Given the state of technology, the 
borrowing level ranges from Kl91.97 to Kl96.13 . Tile borrowing level ts 
lowest under the market mode because of the existence of production 
activities in the c r op plan that require less cash inputs but provide a 
higher cash return. 
Evidence from elasticity coefficients ( Tabl e 4.3) suggests that 
income is more sensitive to changes tn the size of fields . A comparative 
analysis shows that the sensitivity ts highest under the nutrition mode. 
Table 4 .3. Elasticities: a Handhoe technology 
Subsistence mode Nutrition mode 
Land 
Labor: June-July 
Capital:equity 
1.44 
0 .58 
0.01 
asource: Computed from LP runs . 
2 . 47 
1.00 
0 . 01 
Market mode 
o. 71 
0.29 
0 .003 
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Oxen technology: Hiring option 
Crop mixes Given oxen technology 's (h iring option) behavioral 
and structural restrictions, the average household under subsistence the 
mode produces the following c r ops according to the fol lowing ranking: 
maize, groundnuts, and beans . Maize is the predominant crop under all 
alternatives . Groundnuts dr ops out of the solution under the nutrition 
mode while maize is the sole crop produced under t he market mode. 
Choice of consumption bundle s Maize is the basic food crop 
followed by groundnuts and beans as supplements. Under the nutrition 
mode, beans is the sole suppl ement. This is because beans is a cheape r 
source of nutrients. 
Cash farm income Maize ts the sole source of cash income while 
beans and groundnuts production are only limit ed to meeting minimum 
consumption and nutritional requirements. Given the const raint structure 
and resource availability to the household, the r evealed preferences of 
the fanning househo lds show limited market participation . Co nsumption 
r equirements are met through on- farm r etention instead of market 
purchases. This is important because of ex isting supply limitations of 
baste food stuffs through the market mechanism in most of rural Zambia 
and because of highe r consumer prices r e lative to producer prices as 
indicated earlier. Under the subsistence mode, minimum consumption 
requirements r educe marketable surplus for maize by 17 percent and by 25 
perc ent under the nutrition mode (Table 4.4) . 
The r e laxation of constraints leads to increased cash income earning 
capac it y . Cash income trade-offs between a lternative farm ob ject ives 
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Table 4.4. A Sl.Dllmary of results on return and uses of resources: 
Oxen technology (hiring option)a 
A. Maximand value 
B. Activity level 
c. 
1. Production (acres): 
Maize 
Beans 
Groundnuts 
Cotton 
Sunflowers 
2. On-farm consumption 
Maize 
Beans 
Groundnuts 
3. Purchases (kgs): 
Maize 
Beans 
Groundnuts 
4. Sales (kgs): 
Maize 
Beans 
Groundnuts 
Cotton 
Sunflowers 
5. Borrowing (K): 
Resource used 
1. Land (acres)b 
2. Labor 
(i) August-Nov (MD) b 
(ii) Dec-May (MD)b 
Subsistence 
mode 
108.13 
9. 17 
0 .16 
0.37 
(kgs): 
1266.00 
31.00 
96 . 00 
6210 .45 
166 . 63 
9.70 
( 1. 00) 
69 . 80 
(0 . 15) 
198.84 
June-July (MD)b 
(0.17) 
(iii) 184.76 
(0 . 60) 
(iv) Oxen:labor (OD)b 80.63 
(0.38) 
aSource: LP runs . 
Nutrition mode 
5.19 
8 . 62 
1.08 
1777.70 
209.39 
5246.87 
164.20 
9.70 
(1.00) 
61. 56 
(0.14) 
191.24 
(0.17) 
160.49 
(0.52) 
73.95 
(0 . 35) 
Market mode 
405 . 53 
9. 70 
7905.50 
149.33 
9.70 
(1.00) 
65.57 
(0 .15) 
189.44 
(0.17) 
180.61 
(0.59) 
83.23 
(0.39) 
bF· . igures in parentheses are shares; MD man-days; K = Zambian 
kwacha currency; OD = oxen-days. 
Table 4.4. Continued 
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Subsistence 
mode 
3. Fi nancial capital (K)b 184.63 
(0 . 24) 
D. Resource at limit MVP Range 
1. Land (K/acre) 41.63 (2 . 08-
16.36) 
2. Capital :equity 0 . 095 (0.00-
184 . 63) 
E. Unit cash return: 
l. Land (K/acre) 11 . 15 
2. Family labor (K/MD) 0.24 
3 . Financial capital 0 . 59 
4 . Oxen labor (K/OD) 1.34 
F. Cash i ncome trade- offs: 
1. Subsistence mode 1.00 
2 . Nutrition mode 
3. Market mode 
Nutrition mode 
MVP 
41.63 
182.20 
(0 . 24) 
Range 
(3 . 26-
17.66) 
0.095 (0.00-
73 . 95) 
0.54 
0.01 
0 .03 
0 .07 
0.05 
1.00 
Market mode 
MVP 
41.63 
167 . 33 
(0.22) 
Range 
( 1.04-
16.58) 
0 . 095 (0 .00-
167 .32) 
41 .81 
0 . 93 
2 .42 
4.87 
3 . 75 
78 . 14 
1.00 
so 
shows the household gains more by shifting from nutrition to the market 
mode by a factor of 78 . 14 (Table 4.4). 
Resource uses and returns Land and equity capital are the 
limiting factors to increased crop production and farm incomes. The 
shadow prices show that an increase in the amount of cultivable land 
available to the household would inc r ease farm income by K41 . 63. Cash 
income is more sensitive to changes in size of fields under the market 
mode (Table 4.4). 
The employment rates for family labor range from as low as 14 
percent under the nutrition mode during the December-May season to as 
high as 60 percent under the subsistence mode during the June- July 
season . Oxen labor utilization remains steady around 37 percent under 
all farm alternatives. Returns to land, family labor, oxen labor, and 
financial capital are lowest under the nutrition mode and highest under 
the market mode (Table 4.4). The borrowing level reflects the low level 
of equity and lower use of cash inputs and ranges from as low as Kl49 . 33 
under the market mode to as high as Kl66 . 63 under the subsistence mode . 
Evidence from elasticity coe ffi c i e nts suggests that income is more 
sensitive to changes in the size of fields than to changes in equity. 
The sensitivity is highest under the nutrition mode. 
Oxen technology: Owning option 
Crop mixes Maize is the dominant crop under the subsistence mode 
while beans and groundnuts drop out of the solution under both nutrition 
and market modes. 
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Choice of conswnption bundles Maize is the basic food crop under 
the subsistence mode while groundnuts and beans are supplements. 
Consumption is only limited to maize under the nutrition mode. On-farm 
consumption is preferred over market participation . Minimum consumption 
requirements reduce marketable surplus by 17 percent and by 31 percent 
under the subsistence and nutrition modes, respectively. As the farming 
household shifts towards the market mode with less binding cons traint s , 
cash income earn ing capability of the household is enhanced (Table 4.5). 
The cash income trade-offs show that the household gains more by shifting 
from the nutrition mode to market mode by a factor of 1 . 73. 
Resource uses and returns Land is the most limiting factor. The 
shadow prices suggest that an increase in the amount of tillable land by 
one acre would increase farm income by Kl07.61. Cash income is more 
sensitive to changes in land restraint under the market mode. 
Family labor empl oyment rates range from as low as 15 percent under 
all farm alternatives during the August-November season to ahout 60 
percent during the June-July season. The oxen employment rate is stable 
at approximately 39 percent. The credit borrowing level is the same as 
under the hiring option. Elasticity coefficients (Table 4 . 6) suggest 
that income is more sensitive to changes in field sizes under the 
nutrition mode . 
Parametric Re sults and Analysis 
Interest rate policy 
In this section, we investigate the effects of changes in the 
interest r ate, producer prices, and r eduction in the level of input 
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Table 4.5 . A summary of results on r e turn and uses o f r esources: 
Oxen technology (owning option)a 
Subsistence 
mode Nutrition mode 
A. Maximand value 728 . 14 
B. Activity level 
c. 
1. Production (ac res ): 
Maize 
Beans 
Groundnuts 
Cotton 
Sunflowers 
2. On- farm consumpt ion 
Maize 
Beans 
Groundnuts 
3. Purchases (kgs): 
Maize 
Beans 
Groundnuts 
4 . Sales ( kgs): 
Maize 
Beans 
Gr oundnuts 
Cotton 
Sunflowers 
5 . Borrowing (K): 
Resource used 
1. Land (ac r es)b 
2 . Labor 
( i) August-Nov (MD) b 
( i i) Dec-May (MD)b 
9.17 
0 .16 
0.37 
(kgs): 
1266 . 00 
31 . 00 
96.00 
6210 .45 
166 . 63 
9. 70 
( 1. 00) 
69.80 
(0 .1 5) 
198.84 
June-Jul y (MD)b 
(0 .1 7) 
(ii i) 184. 76 
Oxen: labor (OD)b 
(0 . 60) 
( i v) 80.63 
(0.38) 
aSource: LP runs. 
bF· . igures in parentheses are shares ; MD 
kwacha cur rency; OD = oxen-days . 
604.94 
9.70 
2447 . 00 
5457 . 75 
149.33 
9.70 
(1.00) 
65 . 57 
(0 .1 5) 
189.44 
(0 .1 7) 
180.61 
(0 . 59) 
83 . 23 
(0.39) 
man-days; K 
Market mode 
1045 . 54 
9 . 70 
7905 . 50 
149.33 
9.70 
( 1 .00) 
65 . 57 
(0.15) 
189.44 
(0 . 17) 
180 . 61 
(0 . 59) 
83.23 
(0 .39) 
Zambian 
Table 4.5. Continued 
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Subsistence 
mode 
3. Financial capit al (K)b 184.63 
(0.24) 
D. Resource a t l imi t MVP 
l. Land (K/acre) 107.61 
2. Labor (June-July) 0 . 095 
E. Unit cash return: 
l . Land (K/acre) 
2 . Family labor (K/MD) 
3. Financial capital 
4 . Oxen labor (K/OD) 
F. Cash income trade- offs : 
l. Subsistence mode 
2. Nutrition mode 
3. Market mode 
Range 
( 2.08-
16 .36) 
(0.00-
184.63) 
75.07 
1. 61 
3.94 
9 . 03 
1.00 
Nutrition mode 
MVP 
167 .33 
(0.22) 
Range 
107.61 (3.00-
16.58) 
0.095 (0 . 00-
167 . 32) 
62.36 
1.39 
3.62 
7.27 
0.83 
l.00 
Marke t mode 
MVP 
167.33 
(0 . 22) 
Range 
107.61 ( l.04-
16.58) 
0 . 095 (0 . 00-
167 . 33) 
107.79 
2.40 
6 . 25 
12.56 
1.44 
1. 73 
1.00 
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Table 4.6. Elasticities: Oxen a b technology ' 
Subsistence Mode Nutriti.on 
Ila IIb Ila 
Land 3 . 73 1.43 77 . 81 
Capital:equity 0.02 0.002 0 .33 
asource: LP runs. 
blla = oxen technology (hiring opt i on) ; Ilb 
(own ing option). 
Mode Market Mode 
IIb Ila IIb 
1. 73 1.00 1.00 
0 . 003 0.004 0.002 
oxen technology 
subsidy costs . Specifically, we note that the nominal interest r ates 
have tended to be l ow relative to the rate of inflation ( i .e., the real 
rates of inte r est adjusted for the expected rate of inflation have been 
negative). In 1982, the pr ime loan rate was 9.5 percent; adjusted by a 
high income consumer price inflation of 13.2 percent results in a - 3.7 
prime loan rate. These r a tes, howeve r, underest imate the real cost of 
borrowing because they exclude handling charges , applica tion fees, 
commitment fees, penalties on overdrawn loan accounts, and fees for local 
purchase orders (LPSs) fo r credit - in- kind transactions. Furthermore , the 
interes t rates are raised by charging interest on a longer period than 
the actual duration of the loan, for example, the AFC and CCF cha r ge 
interest for 12 months while repayment is to be made i.n nine months 
(GRZ : MAWD, 1983a) . The consequences of such low rates of interest have 
been overmechanization of commercial agriculture, l ow savings rates, and 
inefficient utilization of resources. 
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Subsidy policy In 1982 , fertilizer prices to the farmers were 
subsidized at an average of 37 pe r cent of real cos t . Note that this 
refers to direct subsidy. 'The r eal level of subs idy could be higher if 
cons ideration is made for indirect effec ts of l ow r ates of interest, 
r esearch cos ts, etc . However, i f these direct subsid i es were withdrawn , 
it would increase the price of fe rtil izer by 59 pe r cent . The cos t of 
production of mos t c r ops would go up by approximately ten percent for 
large-scale comme r c i al fa r mers while it is estimated that it would be 
l ess for small-scale farmers due to lower use of cash inputs (GRZ:MAWD , 
19B!b) . 
Pricing policy 'The gove rnment until r ecently has been fol l owing 
a policy of admin istered prices based on the cos t of production and 
marketing margi ns . 'This pol i cy , as mentioned earlie r, has constantly 
come under attack . The prices have been deemed low and hence led t o 
dist or tions in production . 
Results The r esults in this section are not based on individual 
policy change but rather on a policy package of : 
( i) an inc r ease i n the cost of borrowing to 13 percent , 
( ii ) an increase Ln the production cost (s ubsidy reduction) by ten 
percent, and 
( iii) an increase i n producer prtces from 1982 to 1983 prtces . 
Ha ndhoe technology 
Given the po li cy package and the constraint set , there is no change 
Ln the crop mtx under all farm alternatives . On- farm consumpt ion rematns 
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u~rhanged both in terms of source and as a percentage of total production 
(Table 4 . 7). Maize remains the dominant source of cash income. The cash 
income trade-off indicates that the farmer gains more by shifting from 
the nutrition mode to the market mode. Returns to resources are highest 
under the marke t mode. Land remains the most significant limiting fac to r 
t o increased agricultural production and farm lncomes . The shadow price 
indicates t hat a one - acre increase in the amount of land available to the 
household would increase farm income by K46.32, not significantly 
different from the basic r esults (Table 4.1) and the relevant ranges over 
which the shadow price is constant remains the same under all farm 
objectives . 
Oxen technology: Hiring option 
The average farming household under these changes would respond 
under the subsistence mode by producing the following crops in the 
following ranking : groundnuts, maize, and beans. Groundnuts becomes the 
predominant c r op while beans is only produced to meet household m1n1mum 
consumpt i on r equirements. Groundnuts r emains the dominant c r op in the 
other alternative modes while beans drops out (Table 4 . 8) . 
Maize i s still t he basic food c r op with groundnuts as the sole 
s uppl emen t under the nutrition mode . Groundnut s becomes the dominant 
source of cash income under all farm objec tives but in the market mode 
maize st ill r emains the sole source of income . Consumption requirements 
con tinue to be met from on-farm consumption r athe r than ma r ket pu r chases . 
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Table 4 . 7 . Parametr i c results of inte rest rate, subsidy reduction, and 
producer price inc rease on returns and uses of r esources: 
Handhoe technology 8 
Subsistence 
mode Nutrition mode Marke t mode 
A. Max imand va lue 328. 49 196 . 79 664.55 
B. Activity level 
l. Pr oduct ion (ac r es) : 
Maize 7.17 5 .65 7 .43 
Beans 0.20 1.35 
Gr oundnuts 2.33 2.70 2.27 
Cotton 
Sunflowers 
2. On- farm consumption (kgs): 
Maize 1266.00 1777.70 
Beans 31 . 00 209 . 39 
Gr oundnut s 96 . 00 
3. Purchases ( kgs): 
Ma ize 
Beans 
Gr oundnuts 
4 . Sa l es (kgs) : 
Maize 1547.84 438 . 91 2917 .6 2 
Beans 
Groundnuts 394.16 567 . 88 476.65 
Cotton 
Sunflowers 
5 . Borrowing (K) : 216.59 242 . 94 212 . 01 
c. Resource used 
1. Land (acres)b 9.70 9.70 9 . 70 
( 1. 00) (1 . 00) ( l.00) 
2. Labor 
( i) August- Nov (MD)b 195 . 58 18 1. 04 198 . 10 
( MD )b 
( 1. 00) ( 0 .40 ) (0 .44) 
(ii) Dec- May 424.88 524.90 407 . 50 
(MD)b 
(0 . 37) (0 . 46) (0 . 36) 
(ii i ) June-July 308. 71 308 . 71 308 . 71 
( 1. 00) (1.00) (1.00) 
aSource: LP r uns. 
bFigures in parenthes es a r e shares; MD = man-days; K Zambian 
kwacha currency; OD :;:: oxen-days. 
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Table 4.7 . Continued 
Subsistence 
mode Nutrition mode Ma r ket mode 
3. Financial capital (K)b 234 . 95 260 . 9 3 230 . 01 
(0 . 31) (0.34) (0.30) 
D. Resource at limit MVP Range MVP Range MVP Range 
1. Land (K/acre) 46.32 (6 . 72- 46 .32 (8.85- 46 . 32 (4.01-
15 . 54) 18.11) 16.76) 
2 . Labor (June- July) 0 . 69 (201.18- 0.69 (153.79- 0 . 69 (178 . 67-
534 . 54) 372 . 75) 734.39) 
3. Capital:equity 0 . 13 (0 . 00- 0.13 (0.00- 0 .13 (0 . 00-
234.59) 260 . 93) 230 . 01) 
E. Uni t cash re t urn: 
1. Land (K/ac r e) 33.86 20.29 68 .51 
2. Family labor (K/MD) 0.35 0 . 19 0.58 
3. Financial capital 1.40 0 . 75 2.89 
F. Cash income trade- offs: 
l. Subsistence mode 1.00 0 . 60 2 . 02 
2. Nutrition mode 1.00 3.38 
3. Ma r ke t mode 1.00 
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Table 4.8. Parame tric r esults of interest rate , subsidy r eduction, and 
producer price increase on r e turn s and uses of r esources: 
Oxen techno l ogya 
Subsis t e nce 
mode 
Ila llb 
Nutrition 
mode 
Ila Ilb 
Market mode 
Ila IIb 
A. Maxima nd value 208 .07 825.48 66 .05 69 1.34 548 . 50 1180.89 
B. Activity level 
1 . Production (ac r es) : 
Maize 
Beans 
Gr oundnu ts 
Cott on 
Sunflowers 
2 . 80 
0 .1 6 
6 . 74 
2. On- fa rm 
Maize 
Beans 
cons umption (kgs) : 
1266 . 00 
31 . 00 
Gr oundnuts 
3. Purchases (kgs) : 
Maize 
Bea ns 
Gr oundnuts 
4 . Sales (kgs): 
96 . 00 
9.17 
0 .16 
0 . 37 
3. 11 
6 . 60 
9 . 70 
1266 . 00 1595 . 76 2447 . 75 
31 . 00 
96 . 00 236 . 6 7 
3 . 11 9 . 70 
6. 60 
Maize 
Beans 
Groundnu t s 
Cotton 
Sunflowers 
1013 . 88 6210 . 45 939 . 46 5457 . 75 2535 . 22 7905.50 
1670 . 55 1489 . 73 1726 . 40 
5. Bo rrowing (K) : 472 . 71 183 . 87 463 . 34 164 . 85 463 . 34 164 . 85 
C. Resou r ce used 
l. Land (acres)b 
2. Labor: 
(i) Aug-Nov (MD)b 
( ii ) Dec-May (MD)b 
(iii) June- July (MD)b 
aSource: LP runs . 
9 . 70 
(l.00) 
153 . 78 
(0 . 34) 
357 . 87 
(0 . 31) 
308 . 71 
( l. 00) 
9 . 70 
(1 . 00) 
69 . 80 
(0.15) 
198 . 84 
(0 . 17) 
184 . 76 
(0 . 60) 
9 . 70 
( 1.00) 
152. 35 
( 0. 34) 
353 . 78 
(0 . 31) 
308 . 71 
( 1. 00) 
9 . 70 
( l. 00) 
65 . 57 
(0 . 15) 
189 . 44 
(0 . 17) 
180 . 61 
(0 . 59) 
bF· t gu r es tn parentheses a r e shar es; MD man-days; K 
kwacha curre ncy; OD = oxen-days . 
9 . 70 
( 1.00) 
152 . 35 
(0.34) 
353.78 
(0 . 31) 
308 . 71 
(l . 00) 
9 .70 
(l.00) 
65 . 57 
(0 . 15) 
189 . 44 
(0 .17) 
180.61 
(0 . 59) 
Zambian 
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Table 4.8 . Continued 
Subsistence Nut r ition 
mode mode Market mode 
Ila Ilb Ila IIb Ila IIb 
(iv) Oxen: l abo r (OD)b S9.89 81. 2S 61. lS 83 . 23 61. lS 83 .23 
(0 . 28) (0.38) (0.29) (0 . 39) (0 .29) (0 . 39) 
3 . Financial b 
capital (K) 490.71 201. 87 481 . 34 182.8S 481. 34 182.8S 
(0.64) (0 . 26) (0 . 63) (0 . 24) (0 .63) (0 . 24) 
D. Resource a t 1 imit MVP MVP MVP MVP MVP MVP 
1. Land (K/acre ) S4 . 41 121. so S4 .41 121. so S4 .41 121.SO 
2. Labor (June- July) 0 .06 0 . 06 0.60 
3. Capital : equity 0 .13 0 .1 3 0 . 13 0 . 13 0 . 13 0 . 13 
Range Range Range Range Range Range 
1. Land (K/acre) (9.06- ( 2. 08- (9 . 11- (3 . 00- (8 . 11- (0 . 9S-
16 . 36) 16. 36) lS.04) 16.S8) 16 . S8) 16 . s 7) 
2 . Labor (June-July) (184 . 76- (198 .17- (180.61-
332 . 89) 331.12) 369 . 18) 
3 . Capital:equi t y (0.00- (0.00- (0.00- (0 . 00- (0.00- (0 .00-
490 . 71) 201. 87) 481.34) 182 . 84) 481. 34) 182. 84) 
E. Un it cash return: 
1. Land (K/acre) 21. 4S 8S .10 6 . 81 71. 2 7 S6 . SS 121. 74 
2 . Family labor (K/MD) 0 . 2S l.82 0 . 08 1. S9 0 . 67 2 . 71 
3 . Financial capital 0.42 4 . 09 0 . 14 3.78 1. 14 6 . 46 
4 . Oxen labor (K/OD) 3 . 47 10 . 16 1.08 8 . 31 8 . 97 14. 19 
F. Cash income trade- offs: 
l. Subsistence mode 1. 00 1. 00 0.32 0 . 84 2 . 64 1. 43 
2. Nutrition mode l. 00 1.00 8 . 30 1. 71 
3 . Market mode 1. 00 1. 00 
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Consumption requirements reduce the level of marketable surplus by 55.53 
percent, an increase of 39 percent over the basic run for maize under the 
subsistence mode and by 63 percent under the nutrition mode-- an increase 
of 38 percent ove r the basic run. Gr oundnu ts consumption reduces 
marketable surplus by 5.43 percent under the subsistence mode and by 14 
percent under the nutrition mode. The cash income trade- offs show that 
for every kwacha lost by shifting from the nutrition mode to the market 
mode the farming household gains 8.30. 
Land is the most limiting factor to increased agricultural 
production and farm incomes. The shadow prices show that a one acre 
increase in the amount of cult ivable land available to the household 
would inc rease farm income by K54.41--an increase of 31 percent over the 
basic run. There is a s l ight increase in the utilization of labor and a 
decline tn the employment level for oxen labor under all alternatives. 
Incomes rema1n more sensitive to changes in the amount of land than to 
changes in equity, t he sensitivity being highest under t he nutrition 
mode . 
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CHAPTER 5 . SUMMARY AND CONCLUS IONS 
Summar y 
This s tudy has bee n an attempt to contribute t owards the kn owl edge 
and info rmation necessary to unde rstanding the dec i s ion making behavior 
of farming households. This has been achieved by app l y ing analytical 
t ools a nd examining the r esults in terms of the fa r m struc ture, the 
pattern of price r e sponse , the economi c or gan ization , and motivations of 
farming households . Also , based on the r esult s , the study has attempted 
to eva l uate the po tential of agric ultural prog rams on the volume of 
pr odu c tio n , fa rm incomes , sources and compos ition of consumption hundles , 
nu tr ition, and gene ral welfa r e of those househo lds . The r esul ts of the 
s tudy indicate that preva iling inte r es t, pr ic in g , and subsidy prac tice s 
are no t optimal pr actices . The exis ting practices al l l e ad to l ow 
returns to r esources , hence , in the prese nce of a lt e rna t ive sour ces o f 
tncome , fa rmers would shift from comme r cia l agricu lt ur al pr oduct i on . 
The resul t s i ndica t e that g iven farm Lncomes and prevailing pr oduce r 
and consumer pr t ces , farms prefer on-fa rm consumpt i on t o market 
purchases . Th i s i. s i mportant not only because of the obser ved supply 
bottl enecks in most of rural Zambia but also because of subsistence 
agricul tur e ' s depe ndence on weathe r cond i t i ons wh ose uncertainty causes 
a n e l eme nt of ri sk in terms of food short ages . The nutritional effec ts 
have only been limited to calories and protei n s . Inc or po r at i on of othe r 
nutrie nts i ndicate that the farming househo lds would not be able to mee t 
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the basic minimum of any relevant nutrient. 'Therefore, although incomes 
go up, the nutritional status of households does not necessa r ily 
increase . Note that this was a crop model; it did not include off-far m 
and livestock Lncomes . The r esults are, therefore, only relevant t o pure 
c r op fa r ms . 
Conclus i ons 
The a nalys is has highlighted the most important features influencing 
the decision making behavior of small - scale farmers in Zambia. 'The 
household decides on the m1x of crops to be produced. The household 
provides the bulk of the labor input requirements, while its allocation 
to specific c rops depends on other uses of time (i . e . , off- farm 
employment and expected incomes , crop portfolio of the technology 
available to the farm ing household , and the nat ure of field ope rations 
and the rainfall pattern because of agricultural ope ration 's dependency 
on the timely commencement of the rainfall season). From the study, land 
allocation decisions to specific crops seem to be influenced by 
consumption requirements and income generating capability of a given 
crop. 'This unified decision process , production-consumption, has formed 
the central theme for the formulation of this study. 
However, it is felt that further work needs to be done . This will 
largely depend on availability and adequacy of data . 
be investigated inc lude: 
Specific issues to 
( i ) Categoriz i ng farming households in terms of s ize of operation, 
resource endowment, family size and composition, and location. 
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(ii) Categorizing farming households in terms of productio~ 
activ it ies , c rop, livestock production and off- farm employment , 
and a combination of both. 
(ii i) Categorizing c rop enterprises according to the cropping 
practices, mono cropping, mixed cropping, and technology set . 
These categories will allow for the development of recommendations 
specific to the level of farm ope ration , examine competition fo r 
resources between on- farm and off-farm activities (e . g , family labor ) , 
and compare the compet itiveness of mono cropping and mixed cropping and 
their implications for adoption of improved technology (e . g ., oxenization 
of certain field operations). Finally , a more detailed and rigorous 
examination o f t he nutritional status of farming households is required 
according to the categories specified under (i) above which will r equi r e 
more detailed data and information. 
This study has demonstrated the usefulness of a farm household 
production model in understanding the decision process, farming household 
behavior and mo tivations , and their policy implic ations both at the farm 
(micro) and national (macro) levels. 
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